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(54) OPTICAL FIBER AMPLIFIER 

(57)Abstract: 

PURPOSE: To excite an optical fiber with sufficient excitation 
density and to level the excitation state of the core part of a 
multi-mode fiber while using a coherent light source as to the 
optical fiber amplifier which uses a rare-earth doped multi-mode 
optical fiber. 

CONSTITUTION: Excitation light beams from plural light sources' 
1a, 1b, and 1c are multiplexed by an optical multiplexer 5 and 
supplied to the mufti-mode optical fiber 7 whose core is doped 
with rare earth to excite this multi-mode optical fiber. 
Consequently, the number of excited modes increases statistically 
to enable multi-mode operation. 
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(54) Title of invention: Optical fiber amplifier 

(57) Abstract 

(54) OPTICAL FIBER AMPLIFIER 
(57)Ab$traot 

PURPOSE: To excite an optical fiber with sufficient excitation 
density and to level the excitation state of the core part of a 
multi-mode fiber while using a coherent light source as to the 
optical fiber amplifier which uses a rare-earth doped multi-mode 
optical fiber. 

CONSTITUTION: Excitation light beams from plural light sources 
1a, 1 b, and 1c are multiplexed by an optical multiplexer 5 and 
supplied to the multi-mode optical fiber 7 whose core is doped 
with rare earth to excite this multi-mode optical fiber. 
Consequently, the number of excited modes increases statistically 
to enable multi-mode operation. 
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[Scope of claims] 
[Claim 1] 

Optical fiber amplifier comprising, 

Multi mode optical fiber which core is doped with rare earth metal, optical coupling mean for exiting said 
multi mode optical fiber by coupling and supplying pump light from plural pump source to said multi mode 
optical fiber. 

[Explanation of the invention] 

[0001] - 
[Application in industry] 

This invention is relates the optical fiber amplifier which amplify a light by exciting a doped fiber doped 
with rare earth metal by proper pump source and getting population inversion. 
[0002] 

[Conventional technique] 

Recently, there are significant progress in Er doped fiber amplifier. (For example, "Nakazawa et al., optical 
amplifier and its application using Er doped fiber amplifier" , Applied Physics (Japanese journal) „ Vol 59, 
No, 9 (1990) PI 175-1 192. etc., 
[0003] 

Main issue of these research and development for the Er doped fiber amplifier is amplification with single 
mode fiber because long distance optical telecommunication is the main purpose of them. 



[0004] 

However, optical amplification can be used to compensate an optical loss in Optical LAN (Local area 
network) and optical CATV (community antennatelevision) . For the short distance application such like 
these, multi mode fiber is better because the handling is easier. 
[0005] 

[The issue what the invention tries to solve] 

There are some issues to realize a multi mode optical amplifier for Optical LAN. 
[0006] 

1) Multi mode fiber has a lot of modes, for example, there are 500 modes in the grated index multi mode 
fiber which core diameter is 60 urn and NA = 0.2. The inside of core must be excited homogeneously to get 
a same gain for each mode. In other word, pump light must be irradiated evenly for each mode. However, it 
is difficult actually to irradiate a pump light evenly for each mode when a laser light source was used for 
pumping source because laser light has coherency. 

[0007] 

2) The core diameter of multi mode fiber is very large (50-60 urn), so it needs several tens times higher 
pump light power to get a same excitation density as single mode fiber. 

[0008] 

The purpose of the invention is to solve the issue described above, namely, make it possible to excite a 
multi mode amplifier fiber with enough excitation density. Also, the purpose of the invention is to make the 
excitation condition inside of whole core homogeneous while using a coherent light. 
[0009] 

[The mean to solve the issue] 1 

The optical fiber amplifier of this invention has a multi mode amplifier fiber doped with rare earth metal, 

optical coupling mean for exciting said multi mode fiber amplifier by coupling and supplying a pump light 

from plural pump source. 

[0010] 

[Effect] 

The excitation density will increase and multi mode fiber will be enough excited by coupling pump light 
from plural pump source. And coherency of the laser light will be reduced by mixing plural pump light from 
plural pump source even if coherent light source was used as pump light. Thus, the number of mode which 
is excited in rare earth doped fiber increases statistically and multi mode operation become possible. ^ 
[0011] 

[Embodiment] 

Below is an explanation of embodiment. 
[0012] 

The schematics of optical fiber amplifier of the invention are shown in figure 1. The pump light from plural 
independent light source la, lb, lc, which is supplied through each input optical fiber 2a, 2b, 2c, and the 
signal input light from input signal source, which is supplied through input fiber 4 is coupled together by 
optical coupler 5. Then the both light pass the isolator 6 and excite the fiber amplifier. As shown in figure 2, 
the optical coupler 5 is made by glass or polycarbonate substrate 5a in which waveguide 5b is written by Ion 
selective or selective polymerization. 



[0013] 

The signal input light is amplified by the excitation of rare earth doped fiber 7, and reach the output end 9 

through the narrow band pass filter 8. Then output signal is obtained. 

[0014] 

Each light source la, lb, 1c has same constitution. Here, I will explain the constitution of light source la as 
an example. As shown in figure 3, excitation light 1 1 from standard semiconductor laser diode 10 is focused 
with lens 12 and irradiated onto the core 13 of the input fiber 2a. Here, 14 show the Clad of the input fiber 
2a. 

[0015] 

As described above, the number of modes statistically increase because plural light source la, lb, lc is 
coupled together and they excite rare earth doped fiber. Namely, the number of modes which is excited 
increases because the phases of light from plural light source are different from each other. Moreover, the 
amount of excitation light increases by coupling plural light source. That is to say, the coherency is 
decreased and pump power is increased at a same time by coupling the pump light from plural light source, 
which has coherency. 
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- [0016] 

Another example of the constitution which is used in optical fiber amplifier is shown in figure 4. In the 
example in figure 4, laser diode array 15 is used instead of light source la, lb, lc. As shown in figure 4, the 
light source, in which three independent (phases are not matched each other) laser diode 15a, 15b, 1 5c is 
located on a chip at 10 urn intervals, is used. To avoid phase matching of each laser, it is good to use a 
waveguide which confinement effect is relatively high. 
[0017] 

As a result, 3 lasers are deployed for each input fiber 2a, 2b, 2c. That means that 9 independent lasers are 

coupled so that the coherency is further decreased and pimp power is increased further. 

[0018] 

When the number of coupling in coupler 5 is increased, the coherency is more decreased and pumps power 
increase more.Tt is difficult to increase the number of laser diode array because the number of array is 
limited by the fiber core diameter (50-60 urn). However, it is possible to increase the number of laser diode 
array if the technique for laser diode fabrication is improved so that the interval between each laser diode 
can be decreased less than 10 urn. 
[0019] 

[Effect of invention] 

As described above, the rare earth doped fiber is excited with fewer coherencies even if the coherent light 
source is used as pump light because the plural laser is coupled together. Therefore, the number of mode 
which can be excited increases and the homogeneous excitation in whole core can be obtained. In addition, 
large core multi mode fiber can be excited with enough excitation density. 
[Brief description of figure] 
[Figure 1] 

The optical wiring diagram which shows the overall structure of this invention. 
[Figure 2] 



the diagram of photo coupler which is used in optical fiber amplifier in figure 1. 
[Figure 3] 

The extended figure which shows the constitution of light source which is used in optical fiber amplifier in 

figure 1 . 
[Figure 4] 

The extended figure which shows another example of light source used in figure 1 . 
[Number in figure] 

la, lb, lc: light source, 2a, 2b, 2c,z: input optical fiber, 3 : input signal end, 4: input fiber, 5a:substrate, 
5b: waveguide, 6 optical isolator, 7: rare earth doped fiber, 8: narrow band pass filter, 9: output end. 10: 
semiconductor laser diode, 1 1 : excitation light, 12: lens, 13: core, 14: clad, 15: Laser diode array, 15a, b, 
c,: laser diode. 
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